Bone allografts can store and release high levels of vancomycin. We present our results of a two-stage treatment for infected hip arthroplasty with acetabular and femoral impaction grafting using vancomycin-loaded allografts. We treated 29 patients (30 hips) by removal of the implants, meticulous debridement, parenteral antibiotic therapy and second-stage reconstruction using vancomycin-supplemented impacted bone allografts and a standard cemented Charnley femoral component. The mean follow-up was 32.4 months (24 to 60). Infection control was obtained in 29 cases (re-infection rate of 3.3%; 95% confidence interval 0.08 to 17) without evidence of progressive radiolucent lines, demarcation or graft resorption. One patient had a further infection ten months after revision caused by a different pathogen. Associated post-operative complications were one traumatic periprosthetic fracture at 14 months, a single dislocation in two hips and four displacements of the greater trochanter. Vancomycin-supplemented allografts restored bone stock and provided sound fixation with a low incidence of further infection.
Bone allografts can store and release high levels of vancomycin. We present our results of a two-stage treatment for infected hip arthroplasty with acetabular and femoral impaction grafting using vancomycin-loaded allografts. We treated 29 patients (30 hips) by removal of the implants, meticulous debridement, parenteral antibiotic therapy and second-stage reconstruction using vancomycin-supplemented impacted bone allografts and a standard cemented Charnley femoral component. The mean follow-up was 32.4 months (24 to 60). Infection control was obtained in 29 cases (re-infection rate of 3.3%; 95% confidence interval 0.08 to 17) without evidence of progressive radiolucent lines, demarcation or graft resorption. One patient had a further infection ten months after revision caused by a different pathogen. Associated post-operative complications were one traumatic periprosthetic fracture at 14 months, a single dislocation in two hips and four displacements of the greater trochanter. Vancomycin-supplemented allografts restored bone stock and provided sound fixation with a low incidence of further infection.
Periprosthetic deep infection after total hip arthroplasty (THA) is a catastrophic complication. Substantial bone loss in combination with sepsis is one of the most challenging situations to face in revision surgery. This condition was considered a contraindication for revision 20 years ago. 1 The effective management of these patients requires control of infection and bony reconstruction.
Excellent clinical and radiological midterm results have been reported using impacted allograft in revision hip arthroplasty in the absence of infection. [2] [3] [4] [5] Its use in cases of infection has been proposed [6] [7] [8] [9] but remains controversial due to the possible increased risk of further infection. 6, 10 Bone allograft may represent a potential sequestrum in these cases. 1 Recently, cancellous allograft has been used experimentally as a carrier for vancomycin both in vitro and in vivo [11] [12] [13] without impairing the incorporation of the graft.
14 A search of the literature revealed no detailed clinical reports on the use of antibiotic-supplemented allografts in revision surgery.
The purpose of this retrospective study was to analyse a treatment protocol for an infected THA which is based on removal of implants, meticulous debridement, parenteral antibiotic therapy and a two-stage reconstruction with vancomycin-supplemented bone allografts using standard cemented Charnley components.
Patients and Methods
Between January 1997 and July 2000, 29 patients with 30 infected THAs were treated using the same protocol. There were 18 women and 11 men with a mean age of 59 years (32 to 78). The initial diagnosis had been osteoarthritis in 12 hips, fracture of the hip in eight, hip dysplasia in five, osteonecrosis in two, rheumatoid arthritis in two and lowgrade chondrosarcoma in one. Twenty-seven cases followed primary and three followed revision THA. All patients except four had undergone their original surgery elsewhere. Infection was diagnosed at a mean of 11.7 months (3 to 48) after arthroplasty. The presenting symptom was pain in all patients and a draining sinus in three. One patient presented with an infected periprosthetic fracture type 2B of the Vancouver classification. 15 All patients were treated with removal of components, parenteral antibiotic therapy, followed by a second-stage re-implantation using vancomycin-supplemented impacted cancellous allograft. The indication for the use of impacted cancellous bone allograft was significant acetabular and/or femoral bone loss.
Exclusion criteria were patients with an infected THA who had been treated by excision arthroplasty (a modified Girdlestone procedure) or who did not require bone allograft for reconstruction.
Removal of the components and a meticulous excision of all polymethylmethacrylate, granulation, necrotic and infected tissue was performed either through a transtrochanteric (23 cases) or a posterior (seven cases) approach under epidural hypotensive anaesthesia. Patients who underwent the transtrochanteric approach were not in traction post-operatively. The trochanter was reattached with non-resorbable sutures. The patients started ambulation with a walker without weight-bearing. Aspiration of the hip was undertaken before capsulotomy and a sample sent immediately for bacteriological studies. Five samples of periprosthetic tissue were taken for frozen section and pathology, analysing signs of acute inflammation as indicated by the finding of more than five polymorphonuclear leucocytes per high-power field. 16 Frozen-section examination was not done in the presence of purulent fluid during the initial aspiration or the approach. A minimum of five cultures was performed for each patient, and evaluated for aerobic and anaerobic growth. All patients had a positive histological finding, and in 24 cases there was a positive bacteriological culture after the first stage of the procedure. The use of antibiotic-loaded cement spacers was not included in the protocol for the treatment of infected THAs at that time.
The mean duration of intravenous antibiotic therapy was 6.2 weeks (5 to 8) according to the organism and its sensitivity. Patients were discharged from the hospital once definitive bacteriological results had been obtained. A longterm intravenous catheter for antibiotic administration according to a home nursing programme was used.
The isolated micro-organisms (Table I) were categorised into virulent and low virulent according to the classification described by McDonald, Fitzgerald and Ilstrup. 17 Oral antibiotics were continued in 11 patients after intravenous therapy for a mean of 6 weeks (4 to 16) according to the nature and sensitivity of the organisms. The mean period between the first and second stages of the procedure was 14.7 weeks (5 to 96). Acetabular defects were radiographically assessed after the removal of components and anatomically confirmed at the second-stage procedure using the classification of the American Academy of Orthopaedic Surgeons. 18 Femoral bone loss was radiographically and intra-operatively assessed using the Endoklinik classification 19 (Table II ). The second stage was then undertaken on the basis of resolution of clinical, laboratory and radiological evidence of sepsis. A THA was performed in all cases through a transtrochanteric approach. Bacteriological and frozen-section studies were performed in all cases. There were no signs of acute inflammation in any of the second stage procedures.
In 22 of the 30 cases, reconstruction of both acetabular and femoral defects was performed using cancellous impacted allograft supplemented with vancomycin (Figs 1 and 2). Due to the nature of the defects, only the acetabulum was grafted in two cases and only the femur in six. Allograft was obtained from fresh-frozen femoral heads from our own bank. They had not been irradiated.
Morsellised bone graft was manually fragmented into 0.4-to 0.6-cm pieces and mixed for 15 minutes with 500 mg dry powdered vancomycin (Lilly, Indianapolis, Indiana) per femoral head. Routine impaction grafting was performed as described by Slooff et al 20 for the acetabulum and by Gie et al 3 for the femur. Special instrumentation 1  2  45  8  57  2  2  46  9  77  2  2  32  10  53  3  2  36  11  48  3  3  36  12  54  3  4  38  13  67  3  2  40  14  57  2  2  40  15  61  3  3  40  16  32  2  2  24  17  59  3  2  35  18  61  2  2  32  19  70  3  2  30  20  68  2  2  Superinfection 10  21  70  3  4  28  22  59  3  3  24  23  77  3  3  25  24  71  1  2  26  25  71  1  2  24  26  60  3  4  Dislocation  32  27  64  2  2  29  28  32  1  2  24  29  62  2  2  24  30  51  2  2  60 * died (Primary Impaction Grafting Instruments, De Puy Int., Leeds, United Kingdom) was used to pack the graft. Additional femoral reconstruction support meshes were required in three cases and cerclage wires in four to aid impaction. A cemented Ogee acetabular cup was implanted in 27 cases (De Puy, Warsaw, Indiana) and an uncemented Duraloc 300 (De Puy) cup in three cases with type 1 acetabular deficiencies. A Charnley femoral component (De Puy, Leeds, United Kingdom) was used in all cases, retrogradely cemented with CMW1 (De Puy) without added antibiotics.
Post-operatively, all patients received the same intravenous antibiotic treatment which had been used after the first stage and which had been stopped when the infection had resolved. The rehabilitation protocol included early mobilisation with toe-touch weight-bearing on the operated side for six weeks.
Patients were clinically and radiographically evaluated at two weeks, six weeks and three months post-operatively and then annually. Function was assessed using the Merle d'Aubigné and Postel hip score. 21 Radiolucent lines at the implant-bone interface were classified for the acetabulum according to DeLee and Charnley. 22 Radiographic incorporation of the allograft was assessed as described by Slooff et al 5 and includes consolidation, migration and radiolucent lines.
The radiographic definition of failure was progressive radiolucency in three zones or migration by more than 5 mm in any direction on standard anteroposterior (AP) radiographs.
Femoral radiolucencies and periprosthetic osteolysis defined as bone loss in an area > 5 mm 2 were assessed in the zones described by Gruen, McNeice and Amstutz. 23 Radiographic evidence of femoral loosening was classified according to Harris and McGann 24 into three categories: definite, probable and possible loosening. Radiographic incorporation of femoral allograft was assessed using the four-degree classification described by Gie et al, 3 and subsidence of the femoral component using the method described by Loudon and Charnley. 25 Success was defined as a lack of clinical and radiological evidence of infection, without pain or a discharging sinus Fig. 1 Anteroposterior radiograph of the right hip of a 61-year-old woman (case 18) with infection following a THA which had been implanted six months previously. The micro-organism which was isolated was Enterococcus faecalis. and with normal serum levels of inflammatory markers at a minimum of two years after revision and a functional THA at the time of the latest follow-up. Re-infection was defined as the recurrence of infection caused by the same organism which had been isolated at the time of the revision THA. A further infection caused by a different pathogen was defined as a superinfection. The risk rate of re-infection was expressed with 95% confidence intervals (CI).
Results
At a mean follow-up of 32.4 months (24 to 60), the rate of recurrent infection was 3.3% (CI 0.08 to 17). One patient (case 20) with Staphylococcus aureus had a superinfection with Proteus mirabilis ten months after revision and was treated by excision arthroplasty. In two patients there was a peri-operative culture of coagulase-negative staphylococcus at revision. They received ten days of intravenous antibiotics followed by three months of oral antibiotics without evidence of infection at the last follow-up.
One patient (case 1) suffered a periprosthetic fracture (Vancouver classification grade C) 15 which was treated with open reduction and internal fixation 14 months after revision. One patient (case 6) died of unrelated causes, without evidence of infection nine months after revision.
At the latest follow-up, there was no radiographic evidence of progressive radiolucent lines, demarcation or graft resorption in 29 of the 30 hips. Three hips had 2-mm nonprogressive, incomplete, acetabular radiolucent lines in DeLee and Charnley zone 1 seen on the initial post-operative radiograph. In one hip there was a non-progressive osteolytic area in Gruen zone 3 without clinical evidence of infection.
Incorporation of allograft into the acetabulum was evaluated in 24 of the 30 hips as six hips did not require acetabular bone allografts. There was radiographic evidence of consolidation in 23 and in one (case 20) there was superinfection at ten months after revision.
Allograft was not required in three femurs and one patient had a reconstruction using a proximal hemicircumferential metal mesh which interfered with radiographic assessment. There was no evidence of infection or failure in this patient at their 28-month follow-up. Thus, incorporation of femoral allograft was assessed in only 26 hips (26 patients). Trabecular incorporation was seen radiographically in 19 (74%). Trabecular remodelling was seen in six (23%). All five hips with cortical defects showed cortical healing. One patient (case 20) had complete resorption of the femoral allografts and infection ten months after surgery.
Isolated dislocation occurred in two hips (6%). One occurred 18 days post-operatively and was treated with an abduction support for six weeks. The other occurred three years after revision and was treated by open reduction at another institution.
The latest radiographic assessment showed femoral subsidence of < 5 mm in all the cases. Trochanteric nonunion was seen in four cases (14%) but in only one of these was there a Trendelenburg gait.
The mean Merle d'Aubigné and Postel hip score was 5.8 points for pain, 5.4 points for mobility and 5 points for gait.
Discussion
We found a low incidence of further infection following the use of vancomycin-supplemented allograft in the secondstage revision of an infected THA.
Two-stage revision should provide a better environment for the control of infection and reconstruction with allograft may be undertaken more safely. 26 Impaction bone grafting techniques allow the biological restoration of bone stock and the use of conventional components even in the presence of deficiencies created by larger implants. This technique also avoids the use of long stems which depend on distal fixation, which jeopardises bone stock in the future. 27, 28 The restoration of bone also makes it possible to perform subsequent procedures for aseptic loosening.
To the best of our knowledge, there is only one report of the use of impaction grafting in the second-stage, femoral reconstruction of an infected THA. 7 The authors do not mention the method of acetabular reconstruction in their patients and only added different antibiotic to the allograft in nine patients without explaining the rationale of its use. Furthermore, neither pre-operative hip aspiration nor peri-operative frozen section were undertaken at revision. Although the diagnosis of infection by peri-operative frozen section is unreliable, a negative finding has a 98% predictive value for eliminating infection. 29 We consider this is an essential tool in any two-stage revision procedure.
Berry et al 6 and Wang and Chen 9 have described the use of combined structural and cancellous allografts in a previously infected THA. There have been other reports concerning the specific use of structural bone allografts in oneor two-stage revision of infected arthroplasties, 30, 31 but the biological incorporation of solid grafts clearly differs from that of morsellised grafts. During the revascularisation phase, the open structure of cancellous bone allows more rapid invasion of vessels than does cortical bone. Morsellised grafts are incorporated without any mechanical weakening, provided that the graft has a stable fit and the host bed is well-vascularised.
5,32,33 Nestor et al 8 described the use of allografts and autografts to fill previously infected bony cavities, without the conventional impaction grafting technique.
Although our series is small, the rate of recurrent infection was similar or lower than in other series 1, 17 in which infected THAs were revised without using allograft. One of the main limitations of our study was the absence of intraand inter-observer analysis in the radiographic assessment and the absence of a control series of patients treated without vancomycin-supplemented allografts.
Some authors have stated that a minimum follow-up of four years is needed to confirm the control of infection. 34, 35 However, subsequent reports have shown that there is radiographic evidence of failure within the first year after revision in patients in whom infection subsequently recurred. 26, 30 After two years, any latent infection might be amenable to the same type of treatment, with the advantage of having recovered bone stock.
We attribute our good results to various factors. First, to the extensive and meticulous debridement, which is essential to reduce local infection. Secondly, to the bacteriological and histological studies which allowed us to identify the pathogen in 24 (80%) of the 30 hips and to treat those infections systemically for a mean of 6.2 weeks. Finally, to the use of vancomycin-supplemented allografts, which provided sound fixation and local antibiotic delivery in a biological environment.
Combining vancomycin with impacted allografts might also be used as antibiotic prophylaxis in patients undergoing revision THA for aseptic loosening.
An 82% cumulative rate of the eradication of infection was seen when antibiotic-loaded cement was not used at the second stage and this increased to 90% when it was used. 36 We obtained a similar or lower rate of re-infection when compared with the use of antibiotic-loaded cement. [37] [38] [39] Combining antibiotics and cement has some disadvantages. Contemporary cementing techniques include vacuum-mixing in a negative pressure environment to reduce the number and size of air bubbles and increase resistance. 40 This mechanically-positive fact is weakened by a greater than 50% reduction in the elution of antibiotics from the cement. [41] [42] [43] Some authors have reported a 5% diffusion of antibiotic from the cement, with 95% of the vancomycin remaining within the methacrylate. 44 The resistance of cement is affected when antibiotics are included. Klekamp et al 44 showed that compressive and fatigue strength decreased with the addition of vancomycin to cement. When impregnated with 1, 2 or 3 g of vancomycin the cement failed at 90%, 70% and 50% respectively, of the number of cycles to failure for antibiotic-free polymethylmethacrylate. Askew et al 45 found that the addition of vancomycin caused a reduction in nominal bending strength. Furthermore, it has been shown that antibiotics do not prevent the microbial colonisation of cement. [46] [47] [48] Even though we consider systemic antibiotic therapy essential in the treatment of an infected THA, the blood supply to infected and traumatised tissue may be compromised limiting the levels of local antibiotic. 49 The capacity of cancellous allograft to act as a vehicle of vancomycin has been confirmed in vitro and in vivo by means of bioassay. 11, 13 Thus it is possible to achieve high local concentrations which are more than 90% of the minimum inhibitory concentration (MIC). By adding 500 mg of vancomycin per femoral head it is possible to reach a concentration which is 220 times higher than that necessary to produce antimicrobial activity against Staph. aureus and Staph. epidermidis.
Vancomycin was selected for these patients as its local administration has been extensively evaluated clinically and experimentally. It is available in powder and is effective against most gram positive organisms, including methicillin-resistant Staph. aureus (MRSA). 50 It has low rates of resistance and allergy, is heat stable and water soluble, and 84% of periprosthetic infections are caused by organisms which are sensitive to it. 51 Local levels of 10,000 µg/ml of vancomycin can cause death of osteoblasts 52 but we recorded, in a previous experimental study, that high levels of vancomycin of up to 220 times the MIC do not impair the incorporation of allograft as determined radiographically, histologically and immunohistochemically.
14 Further studies are needed to determine optimum doses and possible combinations with other bactericidal agents.
All the patients underwent revision using a transtrochanteric approach, which allows an adequate exposure of the proximal femur avoiding torsional forces and reducing the incidence of intra-operative femoral fractures. This complication has been reported in 16% of the cases when using the posterior approach 53 and did not occur in any of our patients. Although post-operative periprosthetic fracture in one patient (case 1) is of concern, this complication has been reported in association with impaction grafting techniques in 18% of cases. 53 The rate of subsidence of the stem is similar to that reported for Charnley femoral components in aseptic revisions. 2, 4 The rate of dislocation was the same as that reported for aseptic revision using the same approach, reconstructive technique and implants with the same surgical team; 4 and lower than the rate reported by other authors presenting the results of two-stage revision for infected THAs. 6, 17 The incidence of trochanteric nonunion was 14%, which is comparable to series of aseptic revision THAs using the same approach. 4, 53 This complication has also been reported in 27% of revision cases. 2 However, there was a Trendelenburg gait in only one of these cases, which can be explained by the presence of a fibrous union, thus avoiding insufficiency of the abductor mechanism. 54, 55 In conclusion, at revision THA, vancomycin-supplemented allografts restored acetabular and femoral bone stock with sound fixation of the new prosthesis and a very low incidence of further infection. An infected THA can therefore be treated with a high rate of success by following a protocol based on removal of components, meticulous debridement, parenteral antibiotic therapy and secondstage reconstruction using vancomycin-supplemented impacted allografts.
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